OBJECTIVE-Describe local changes in the incidence of community-onset and hospital-onset methicillin-resistant Staphylococcus aureus (MRSA) infection and evaluate the impact of MRSA active surveillance on hospital-onset infection.
isolates was observed in the United States, 2 and by 2003, 64.4% of hospital-onset S. aureus infections in the intensive care unit (ICU) were methicillin resistant. 3 After significant emphasis was placed on the prevention of healthcare-associated MRSA infection by public health agencies and policy makers, a trend of decreasing incidence has been observed among invasive MRSA disease and bloodstream infections. 4, 5 In the late 1990s, scattered cases of MRSA infection that were not associated with identifiable risk factors began to appear in the general community. 6, 7 These early outbreaks were the beginning of what is now an epidemic of community-associated MRSA in North America driven by a new MRSA strain, USA300. [8] [9] [10] Although the majority of communityassociated disease is due to skin and soft-tissue infection (SSTI), 11 severe and lethal cases of necrotizing pneumonia, 6 necrotizing fasciitis, 12 and severe sepsis 13 have been described. Little is known about the current epidemiology of community-onset (CO) disease, in contrast with that of hospital-acquired infection. [14] [15] [16] We aim to describe the changing epidemiology of hospital-onset and CO MRSA disease among veterans in Georgia using data that was prospectively collected over an 8-year period.
METHODS
The study population consisted of inpatients and outpatients seen at the Atlanta Veterans Affairs Medical Center (AVAMC) over an 8-year period (October 1, 2003, through September 31, 2011) . The AVAMC is a large, integrated healthcare system that encompasses the greater Atlanta metropolitan area with approximately 200 inpatient beds, 8 community-based out-patient clinics, and 1 nursing home care unit.
In an attempt to reduce nosocomial MRSA transmission, the Veterans Health Administration (VHA) issued a directive in 2007 that mandated the use of a MRSA bundle in all acute care settings. The MRSA bundle consists of active surveillance for MRSA nasal colonization in all patients (regardless of earlier colonization or infection status) upon each patient movement within the hospital (admission, transfer, and discharge); contact precautions for patients with MRSA colonization or infection or a history of MRSA colonization or infection; increased emphasis on hand hygiene; and a change in the institutional culture such that infection control and prevention is the responsibility of all employees. At the AVAMC, the MRSA bundle was implemented in April 2007 in the medical ICU, July 2007 in the surgical ICU, and October 2007 for all general wards. No MRSA nasal screening was routinely performed before these dates. Bundles to reduce the incidence of central-line-associated bloodstream infection (CLABSI) and ventilatorassociated pneumonia (VAP) were implemented in the ICUs in February 2006 and April 2006, respectively.
MRSA nasal colonization screening at hospital admission and transfer is performed using the Xpert MRSA assay (Ce-pheid) with nasal cultures performed at hospital discharge. Extranasal sites are not routinely screened for MRSA, and decolonization strategies are not routinely recommended for colonized patients.
Colonization results from the active surveillance program were obtained from the Veterans Health Information Systems and Technology Architecture (VISTA) with the use of TheraDoc (Hospira), a Web-based hospital surveillance system, from October 1, 2007, through September 31, 2011. Annual bed-days-of-care (BDOC) and total unique veterans in care per year were obtained from local administrative data.
As part of routine surveillance at the AVAMC, MRSA infections have been identified prospectively on a monthly basis since 2003 by using the microbiology option for specific organisms in VISTA. This surveillance method captures all clinical cultures performed at AVAMC healthcare facilities but misses positive MRSA cultures performed at non-AVAMC sites. Because most veterans at the AVAMC do not have private insurance coverage and rely solely on the AVAMC for their medical needs, we assume these missed cases are few in number and negligible to the overall trend analysis. Surveillance of MRSApositive blood cultures began October 1, 2003 MRSA infections were classified into 3 mutually exclusive epidemiologic categories. An infection was considered to be a hospital-onset (HO) infection if the clinical culture was obtained more than 48 hours after admission to the AVAMC and not present on admission. CO infections were subcategorized into healthcare-associated CO (HACO) or communityassociated (CA) infections. 18 Infections were considered HACO if MRSA was isolated from an outpatient or within the first 48 hours after admission to the AVAMC and the patient had significant healthcare exposure. Significant healthcare exposure was defined as having at least 1 of the following risk factors: presence of an indwelling device at time of hospital admission or history of surgery, hospitalization, dialysis, or residence in a long-term care facility in the 12 months preceding the culture date. Previous MRSA nasal colonization or infection was not used to define health-care-associated infection, because this discounts the possible community origin of the previous infection. 5 Infections were considered to be CA if MRSA was isolated from an outpatient or was isolated within the first 48 hours after admission to the AVAMC without documented healthcare risk factors.
The Emory University institutional review board and the Veterans Affairs (VA) Research and Development Committee approved this study. Because the MRSA directive was a quality-improvement initiative, written informed consent from individual patients was not required. In addition, written informed consent was waived for the review of MRSA infections.
Statistical Analysis
Percentage of patients with at least 1 positive MRSA nasal screening result (either at hospital admission or transfer) per fiscal year was reported in an attempt to control for patients with repeated hospitalizations. Rates of HACO and CA MRSA infections were expressed as the number of infections per 1,000 veterans, and rates of HO infections were expressed as the number of infections per 1,000 BDOCs, stratified on bed type (ICU or non- Trends in MRSA infection rates were initially assessed by plotting the observed rates as a function of time. The formal analysis of trends of MRSA infection were based on generalized linear models, assuming a Poisson distribution with a log link function, including fiscal year as a predictor variable and log total number of unique veterans or log BDOC as an offset variable. Model fit was assessed, and regression coefficients for trend were assessed by the partial Wald test, and P values of less than .05 were considered significant. Models were fit for each time period of interest. The null hypothesis for the trend analysis was that the rate of events (ie, infections) did not change over time. An interrupted time series analysis with segmented regression was not used to evaluate the effect of the MRSA directive on HO infection because of limited data from the period before the directive. Distribution of MRSA infection types was analyzed with the χ 2 test. Analyses were performed with SAS, version 9.3 (SAS Institute). 
RESULTS

From
HO MRSA
Total BDOC (31,000-37,000 BDOC per year) and total number of admissions to acute care (5,306-5,967 admissions per year) at the AVAMC have remained stable from 2006 through 2011. The admitted veteran population in Atlanta is mostly male (95%) and either white (54%) or black (44%). The mean age of veterans admitted to AVAMC in 2007 was 63.4 years.
The rate of ICU-related HO MRSA infection was decreasing before the implementation of the MRSA directive (Figure 3 ; P = .0734 for trend) and remained stable after the directive was implemented (Figure 3 ; P = .9341 for trend). No change in non-ICU-related HO infection rates was observed before or after the implementation of the directive (Figure 4 ). Because of the very low incidence of CLABSIs and VAPs at the AVAMC, a separate analysis to determine the effectiveness of bundles and their impact on HO MRSA infection rates was not possible.
MRSA Colonization
In 2008, 15.8% of veterans admitted to AVAMC had at least 1 admission or transfer nasal screening result that was positive for MRSA. Over the subsequent 3 years, rates of MRSA nasal colonization decreased to 11.2% in 2011 (P < .001 for trend). Compliance with admission nasal MRSA screening has exceeded 90% since the MRSA initiative was fully implemented in October 2007.
DISCUSSION
We describe the decreasing incidence of MRSA infection and colonization among Atlanta veterans over an 8-year period using patient-level data and chart review to identify and classify infections. The decreasing incidence of CO MRSA infection (CA and HACO), HO MRSA infection, and MRSA nasal colonization in Atlanta veterans is a significant finding that may or may not reflect more than a localized trend in the current national MRSA epidemic.
Current population-based prospective studies evaluating the epidemiology of both invasive and noninvasive CO MRSA infection are limited. Our study is the first to evaluate recent trends in CO disease by assessing patient-level data. Landrum et al 19 recently published a report on the incidence of CO and HO MRSA infections among Department of Defense beneficiaries from 2005 through 2010 using a medical record database of positive microbiologic cultures without supporting clinical data. In this report, the incidence of CO MRSA bacteremia showed a similar pattern of decrease when compared with our Atlanta population. A statistically significant decrease in the incidence of SSTI was not detected, but a peak incidence of SSTIs occurred in 2008, and 2010 had the lowest incidence of SSTI since the start of the study, which was also similar to our Atlanta data.
Two recent studies evaluated CO MRSA incidence using International Classification of Diseases, Ninth Revision (ICD-9), diagnosis codes to identify cases of MRSA infection. 16, 20 Contrary to our findings, both of these studies found stable or increasing rates of MRSA infection through the year 2009. The ICD-9 codes, although useful in gathering large quantities of data, have been shown to be poorly sensitive in identifying MRSA infections. 21, 22 In parallel to the reduction of CO MRSA infection cases, the rates of MRSA nasal colonization in our study population have also decreased in the past 4 years, from 15% to 11%. Although the association of nasal colonization and CO infection has been called into question, [23] [24] [25] the reduction in the incidence of nasal colonization at admission is additional evidence of the decreasing community burden of MRSA among Atlanta veterans.
CO MRSA infection rates have continued to decrease throughout the first half of fiscal year 2012 in Atlanta. The etiology of the reduction in CO MRSA rates remains unclear and speculative in nature. Because the incidence of both CA and HACO infections are decreasing, interventions within the healthcare system are unlikely to be the primary cause of this reduction, but it is conceivable that reduced MRSA transmission within healthcare facilities could lead to reduced HACO and colonization rates. Other factors, such as increased community awareness of MRSA and improved hand hygiene, improved antibiotic prescribing practices, and the natural course of an epidemic are likely to be involved. With our data, we are unable to determine how the reduction of CO MRSA has affected the incidence of CO methicillin-susceptible S. aureus infections or the molecular epidemiology of MRSA.
In addition to a decreasing incidence of CO MRSA infection, a reduction in ICU-related MRSA infection was also observed from 2006 to 2011. This reduction in HO MRSA infection is consistent with other reports of decreasing invasive healthcare-associated infection 5, 19 and CLABSI in US ICUs. 4 Our data add to the current literature by demonstrating a similar decrease in HO MRSA disease up to 2008 with subsequent stabilization of rates from 2008 to 2011.
The greatest observed reduction in ICU-related infection occurred before implementation of the MRSA directive and was followed by stable, low rates of infection. No significant change in the incidence of HO MRSA infection was seen among non-ICU patients. In this single-center, observational study, the national VHA MRSA directive did not appear to have a significant impact on the incidence of HO MRSA infection.
During the height of the hospital-based MRSA epidemic in the 1990s, the use of active surveillance cultures (ASCs) to identify and control the reservoir of MRSA was strongly supported by the Society of Healthcare Epidemiology of America, which cited multiple studies on the benefits of ASC. 26 More recently, as states have legislated for mandatory ASC and the VHA has instituted a directive calling for mandatory ASC, very little highquality evidence has been presented to support the use of ASC during periods of disease endemicity. 27, 28 The two largest studies to evaluate ASC to date were recently published and reported discrepant results. Huskins et al 29 reported on the first randomized controlled trial evaluating ASC and barrier precautions in 19 adult ICUs. In this well-designed study, ASC for all ICU patients and subsequent barrier precautions for those colonized with MRSA was not effective in reducing the incidence of MRSA colonization or infection. However, Jain et al 30 , using aggregated data from 153 VA hospitals across the United States, reported that the VHA MRSA directive (as described above) significantly reduced the incidence of HO MRSA infections. A recent mathematical modeling study using the parameters from the Jain et al 30 study calls into question whether the VHA MRSA directive is causally linked to the reduction of HO infections. 31 The use of universal ASC in nonepidemic settings will continue to be hotly debated given the continued use of expensive, legislatively mandated programs that lack consistent, high-quality evidence to support them.
The reduction in HO MRSA infections at the AVAMC cannot be attributed to a single specific practice but rather should be attributed to an increased focus on infection control practices throughout the institution. Since 2003, ICU-related bloodstream infection rates (all organisms) have decreased and have reached levels well below the National Healthcare Safety Network's median rates. Central-line insertion techniques, VAP prevention bundles, and installation of hand sanitizer dispensers in patient care areas have all likely contributed to this reduction.
Our study has several unique strengths. All infections during the study period were analyzed prospectively using a consistent clinical and microbiologic definition and reviewed by the same experienced infectious disease physician. Also, our longitudinal trend analysis used a consistent cohort followed over the entire analysis period in a healthcare population with high retention.
However, our study does have several limitations. First, the changes appreciated in Atlanta may not be applicable to other regions of the United States where population characteristics are different. [32] [33] [34] Second, although the majority of veterans receive care primarily at the AVAMC, infections treated and cultured at non-VA medical centers would have been missed and caused a reduction in estimates. Third, our definition of MRSA infection required a positive clinical culture in addition to clinical findings consistent with infection. We assume that the rate of culturing of clinical specimens did not change throughout the study. Also, nonpurulent SSTIs due to MRSA were likely missed because of the lack of a culturable specimen. Fourth, data on compliance with hand hygiene and barrier precautions is lacking. Although not suspected, poor compliance with directive measures could potentially account for no change in infection rates. Finally, low numbers of HO infections that required extended time intervals for rate calculations combined with limited predirective data prevented a more robust statistical analysis with segmented regression.
Our study of the AVAMC population shows a consistent trend of MRSA reduction in both the community and health-care settings. These reductions in infection rates cannot be attributed to a single intervention and are the likely result of a multitude of factors. With MRSA infection rates at very low levels in the hospital and the community burden decreasing, the use of expensive, labor-intensive control programs targeting a single organism must be reevaluated. 
